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Abstract 
Elemental distributions and contents of tabular 
and cubic silver halide microcrystals were analyzed by 
backscattered electron imaging, scanning transmission 
electron imaging, X-ray mapping and X-ray analysis in 
the spot mode by scanning transmission electron micros-
copy (STEM) combined with energy-dispersive X-ray 
spectrometry (EDXS). By using a liquid nitrogen cryo-
stage, damage to the microcrystals and drift of the sam-
ple under electron bombardment were minimized. 
Monte Carlo simulation shows the electron trajectories 
in the silver halide microcrystals for different experi-
mental conditions and directs the selection of the beam 
position for X-ray spot analysis. The backscattered elec-
tron images, scanning transmission electron images and 
X-ray maps were acquired after selecting the optimal op-
eration parameters of the image processing system. The 
quality of backscattered electron images was improved 
by processing the images off line. The X-ray maps di-
rectly show the elemental distribution in individual 
microcrystals, the backscattered electron images and the 
scanning transmission electron images do so indirectly. 
X-ray analyses in the spot mode yield semiquantitative 
results. This work indicates that the combination of the 
different modes can be used to assess elemental distribu-
tion and content in the microcrystals, even cubic ones. 
Key Words: Silver halide photographic microcrystal, 
backscattered electron image, scanning transmission 
electron image, X-ray mappi·ng, X-ray microanalysis, 
Monte Carlo calculations. 
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Introduction 
In order to improve the photographic properties 
of silver halide emulsions, various preparation methods 
have been developed for controlling the shape, size, 
composition and halide distribution. Different types of 
silver halide microcrystals have been investigated in re-
cent years, such as core-shell emulsions, twinned tabular 
grains, and microcrystals with epitaxial and conversion 
growths. Since the composition and the elemental distri-
bution of silver halide microcrystals have an important 
effect on the photographic properties, these studies are 
being pursued with continued interest, particularly for 
individual microcrystals. X-ray photoelectron spectros-
copy (Kelly and Mason, 1976) can be used to determine 
the composition of the surface of silver halides, the com-
position of individual microcrystals can be studied by 
analytical electron microscopy (King et al., 1987), com-
positional depth profiles of populations of microcrystals 
can be derived with secondary ion mass spectrometry 
(SIMS) (Gijbels et al., 1987), the application of scan-
ning SIMS can yield the compositional image of some 
microcrystals (Maternaghan et al., 1990), low tempera-
ture luminescence microscopy can show the iodide distri-
bution in case of a low concentration of iodide in the 
tabular silver iodobromide grains (Maskasky, 1987). In 
spite of these studies, a lot of work remains to be done 
on the microstructure of silver halides, particularly on 
the microanalysis of individual microcrystals. Of these 
techniques, only analytical electron microscopy can pro-
vide direct observation and microanalysis of individual 
microcrystals. 
In previous work we studied the distributions and 
contents of halides in tabular microcrystals by using 
backscattered electron imaging (BSEI) and by X-ray 
mapping and analysis in the spot mode (Gao et al., 
1989; Wu et al., 1990). Because tabular microcrystals 
are flat, their analysis can be carried out relatively easi-
ly compared to other shaped grains. For microcrystals 
of other shapes, the analysis needs to be improved and 
further developed. Obviously, the combination of a se-
ries of analytical techniques can provide more effective 
and quantitative information. In the present work, we 
studied the halide distribution in tabular silver halide 
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microcrystals with epitaxial growths, in cubic silver 
halide microcrystals with AgBr epitaxial growths at the 
corners and with bromide conversion, and in cubic core-
shell emulsions with AgCl core and Ag(Cl, Br) shell, 
using scanning transmission electron microscopy with 
energy-dispersive X-ray spectrometry (STEM-EDXS). 
Basic Theory 
Estimation of primary electron scattering in silver 
halide microcrystals 
By simulating electron scattering events in the tar-
get volume, Monte Carlo electron trajectory calculations 
can provide a powerful means for the study of the char-
acteristics and distributions of foe various signals gener-
ated in electron-specimen interactions. This effectively 
defines the spatial resolution of an X-ray analysis in the 
sample. Details of the Monte Carlo eiectron trajectory 
simulation methods can be found in the literature 
(Newbury and Yakowitz, 1976; Joy, 1988). 
The programs were provided by D.C. Joy and 
were implemented on an IBM-PC personal computer. 
They can simulate various experimental conditions such 
as single electron scattering in thin or bulk samples, X-
ray production in thin films and depth variation, and so 
on. 
The parameters necessary for calculating single 
scattering Monte Carlo trajectory simulation are the fol-
lowing: 1) accelerating voltage; 2) density of target; 3) 
mean atomic number; 4) mean atomic weight; 5) electron 
beam size; 6) thickness of the target; 7) number of tra-
jectories. For Ag Br, the mean atomic number is 41, the 
density is 6.475 g/cm 3 and the mean atomic weight is 
93.89. For AgCl, the mean atomic number is 32, the 
density is 5.567 p;/cm3 and the mean atomic weight 
71.66. Figures la and lb respectively show Monte 
Carlo simulations of 100 trajectories with a 5 nm elec-
tron probe size and the depth distribution of X-ray pro-
duction with a zero beam diameter electron probe in a 
tabular silver bromide microcrystal of 0.1 µm thickness 
at 80 keV primary electron energy. Figures 2a and 2b 
respectively show Monte Carlo simulations of 100 tra-
jectories with a 5 nm electron probe and the depth distri-
bution of X-ray production with a zero beam diameter 
electron probe size in a cubic silver chloride microcrys-
tal of 0.5 µm thickness at 80 keV primary electron 
energy. 
The Backscattering Coefficient 
The electron backscattering depends on the atomic 
number. Various models for electron backscattering are 
reported in the literature. For example, Niedrig (1978) 
combined the equation proposed by Everhart ( 1960) for 
single Rutherford scattering with an isotropic diffusion 
term as used by Archard (1961). This theory is in good 
agreement with experimental data. Expressions have 
been described for calculating the backscattering coeffi-
cient in the case of a thin, unsupported film (see for 
instance, Raeymaekers et al., 1986). 
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In silver halide analysis, the microcrystals are 
supported with a carbon coated grid. The composition 
of the carbon film is homogeneous, the atomic number 
is low compared to that of silver halides, and the film is 
very thin. The influence of the substrate on the back-
scattering coefficient can be neglected. Thus, the elec-
tron backscattering coefficient is a function of the aver-
age atomic number, the average atomic mass, the den-
sity, the specimen thickness and the initial electron ener-
gy. The latter is constant under given experimental con-
ditions. For a silver halide microcrystal of a given 
thickness, the differences in the electron backscattering 
coefficient are related to the differences in average 
atomic number, thus, the backscattered electron imaging 
can show compositional contrast in a silver halide micro-
crystal of uniform thickness. 
Experimental 
Different kinds of silver halide microcrysta·.s were 
prepared. After removing the gelatin of the silver halide 
emuls10n, repeated centrifugation and washing in dis-
tilled water, the grains were resuspended in butanol and 
dispersed onto carbon coated 50 mesh copper grids. All 
analyses were carried out on a JEOL JEM-1200 EX-
TEMSCAN electron microscope equipped with an inte-
grated scanning device EM-ASIDl0, an annular semi-
conductor BSE detector and a 30 mm 2 Si(Li) energy-dis-
persive X-ray detector and multichannel analyzer [Tra-
cor Northern (TN) 5500]. A KONTRON IBAS image 
processing system (IPS) with an INTEL 80286 based 
host control processor was used for acquiring and proc-
essing secondary electron images, backscattered electron 
images and elemental X-ray maps. The role of the 
image processing computer system is twofold: it a11ows 
us to optimize the acquisition conditions and to process 
the images afterwards. For different scanning modes 
(SE, BSE, scanning transmission electron STE, X-ray 
map), different programs were used. After inputting a 
series of optimum acquisition parameters such as the 
dwe11 time per pixel, frame loops, total number of 
pixels, and a window of analysis, the computer hardware 
takes control over the scanning system of the micro-
scope. This makes it easy to get images with high signal 
to noise ratio. In addition, the images can be stored in 
the processing system and processed off line, which ob-
viously enables the analysis time at the electron micro-
scope to be decreased. Image processing can be per-
formed so as to enhance the contrast of the image and 
see more details. Background subtraction of X-ray maps 
can also be performed in the JPS. 
The measurements were carried out at 80 kV ac-
celerating voltage, with magnifications of 20,000 to 
100,000 times depending on the specimens. This range 
of magnifications corresponded to electron probe sizes 
of about 10 nm to 2 nm. It is worth noting at this point 
that for imaging in the SE, BSE, and STE moces, the 
sample is horizontal (see Fig. 3), but for X-rays meas-
urements, the sample is tilted 35 ° to 40° relative to the 
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Figure 1. (a) Electron distribution simulated by Monte 
Carlo calculation in AgBr with 0.1 µm thickness at 80 
keV primary electron energy with 5 nm electron probe 
size, 100 trajectories; (b) Generation and depth distribu-
tion of AgLa in AgBr with 0.1 µm thickness at 80 keV 
incident energy with a zero beam diameter electron 
probe, 500 trajectories. The length of the bars at the 
left shows the relative value of <f>(pz) at that depth. 
horizontal (see Fig. 4). X-rays were acquired by the TN 
5500 analyzer with energy window widths set at 2 times 
full width at half maximum (FWHM). The X-ray analy-
sis was done in the spot mode for a live time of typically 
100 seconds. 
A liquid nitrogen cryostage (Gatan Model 636 





Trajectories completed BS coefficient 
Figure 2. (a) Electron distribution simulated by Monte 
Carlo calculation in AgCI with 0.5 µm thickness at 80 
keV primary electron energy with 5 nm electron probe 
size, 100 trajectories; (b) Generation and depth distribu-
tion of AgLa in AgCI with 0.5 µm thickness at 80 keV 
incident energy with a zero beam diameter electron 
probe, 500 trajectories. 
damage and drift under electron bombardment. The 
temperature of the specimen was kept at I 06 °K. At this 
temperature, experiments showed that the X-ray count 
rates for the elements in silver halide can be considered 
as constant in the X-ray spot analysis mode; this conclu-
sion was reached by comparing counts of the first JOO 
second dwell time and those of the tenth 100 second 
dwell time. 
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Figure 3. Schematic representation of a cubic silver 
halide microcrystal in horizontal position for the acquisi-
tion of SE, BSE and STE images. (a) outline of the 
position of the BSE detector and a microcrystal; (b) 
vertical view (seen along the electron beam); (c) side 
view (perpendicular to the plane defined by electron 
beam and axis of X-ray detector). 
a) 
X-Ray 
1. 2, 31 r Grid Detector 
:CTI ■ ·¥ 
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1 -~d ■ 20 
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Figure 4. Schematic representation of two orientations 
(a and b) of silver halide microcrystals tilted 40° rela-
tive to the horizontal position for the acquisition of the 
X-ray spectra, left: vertical view (seen from above along 
the electron beam); right: side view (arrows indicate in-
coming electron beam). The height of the crystal is 2 
µm. 
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Monte Carlo electron trajectory simulations in 
tabular silver bromide microcrystals (Fig. la) and cubic 
silver chloride microcrystals (Fig. 2a) show the primary 
electron scattering and also show the spatial resolution 
of X-ray analysis in the two types of silver halide micro-
crystals (Figures 1 b and 2b); it appears that because of 
primary radiation penetration and broadening within the 
microcrystal, the X-rays are produced within a much 
larger and less well defined volume than the electron 
probe size; also the lateral diffusion of secondary elec-
trons increases with the thickness of the silver halide 
microcrystal. Sample tilting of 35 ° and 40° respectively 
is used for X-ray mapping and for X-ray analysis in the 
spot mode. Because of this, the image of the microcrys-
tals is distorted. For tabular microcrystals, the analysis 
position in the X-ray spot mode can directly be selected 
in a straightforward way as needed. However, the situa-
tion is different for cubic microcrystals: the selection of 
the analysis spot must take into account the penetration 
and broadening of the electron beam, for a given orien-
tation of the crystal and for a given site in or on the 
crystal (corner, side, center, etc.). This is illustrated in 
Fig. 4. 
Results and Discussions 
Monte Carlo models calculate the interaction of 
the primary electron beam with specimen material and 
describe scattering events that determine the electron 
paths. For tabular AgBr microcrystals having a thick-
ness of 0.1 µm (Fig. la), the calculation shows that 
beam broadening is limited: starting with a 5 nm prima-
ry beam, it is found that the beam broadening range, the 
diameter within which 90% of the transmitted electrons 
lie, is within a diameter of 9 nm and that most electrons 
penetrate the microcrystal. This indicates that the influ-
ence of primary beam broadening to neighbouring parts 
is relatively small and therefore BSE image, TE image, 
and X-ray map can show high lateral resolution. For a 
cubic microcrystal, the beam broadening becomes more 
significant, the broadening range in AgCI (thickness 0.5 
µm) is 147 nm and in AgBr (thickness 0.5 µm) it is 243 
nm. The primary electron beam broadening results in 
poor resolution of the electron images and an increase of 
the X-ray excitation volume, this suggests that, as would 
be expected, the influence of the primary electron beam 
on the surroundings must be recognized and the analyti-
cal uncertainty should be reckoned with in the X-ray 
analysis of cubic microcrystals. When directing the 
electron beam to positions 1, 2, 3 of a microcrystal (Fig-
ures 4a and 4b), the sampled volume is much smaller, 
and the lateral resolution should therefore be considera-
bly better. 
The processed BSE image of a hexagonal tabular 
AgBr microcrystal with Ag(Br ,I) epitaxial growths is 
shown in Fig. 5a. As said above, BSE image can show 
composition contrast. We can calculate that the average 
atomic number Z(Agl) is 50, Z(AgBr) is 41 and Z(AgCI) is 
32. Hence, the brighter part in the BSE image (Fig. 5a) 
indicates a high iodide concentration in the Ag(Br ,I) 
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Figure 5. BSE (a) and STE (b) images of a tabular AgBr microcrystal with Ag(Br ,I) epitaxial growths. Bar = 0.5 µm. 
Figure 6. STE image of a tabular AgBr microcrystal with Ag(Br ,I) epitaxial growths inside the corners. Bar = 0.5 µm. 
Figure 7. BSE image of a cubic AgCl microcrystal with AgBr epitaxial growths in the corners. (a) before image 
processing; (b) after image processing. Bar = 0.2 µm. 
Figure 8. Processed BSE image of a cubic AgCl core-Ag(Cl,Br) shell microcrystal. Bar = 0.2 µm. 
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microcrystal. The images show clearly that the epitaxial 
growth occurs at the corners of the tabular silver halide 
microcrystals or at the surface of the microcrystals. 
Fig. 5b shows the STE image of this tabular microcrys-
tal. Compared to the Fig. 5a, Fig. 5b shows opposite 
signal intensity, but similar characteristics. The 
resolution of the STE image is better than that of the 
BSE image. The STE signal is stronger than the BSE 
signal, and the image does not need to be processed. In 
the STE image, the image contrast is due to the electron 
and mass density difference. These depend on the dif-
ference of average atomic number and mass, so it can be 
used to show the elemental distribution. Fig. 6 shows an 
example of a STE image where the Ag(Br,1) epitaxial 
parts grew inside the corners of the microcrystal. Semi-
quantitative analysis results were obtained by EDXS spot 
analysis. This confirmed that the darker parts in STEI 
(Fig. 5b) and the brighter parts in BSEI correspond to 
high iodide concentration and that the STE image can 
also clearly show the iodide distribution. 
Elemental distributions of cubic Ag(Cl,Br) micro-
crystals were determined by backscattered electron imag-
ing, X-ray mapping and X-ray analysis in the spot mode. 
The compositional contrast of processed BSE images 
corresponded with the elemental maps of some samples. 
Fig. 7a shows a BSE image acquired directly from the 
electron microscope after selecting the optimum parame-
ters of JPS operation. Fig. 7b shows the BSE image 
processed by JPS, and indeed, the contrast of the BSE 
image of the cubic microcrystal can be increased after 
digital image processing as can be seen by comparing 
Figures 7a and 7b. Fig. 7b points to high bromide con-
centration at the corners and shows that the growth at 
the corners was on the inside of the cubic microcrystals. 
For the AgCl core-Ag(Cl,Br) shell microcrystals 
with the same structure but different bromide concentra-
tion, BSE images also show qualitative results. Fig. 8 
is the processed BSE image of the microcrystals with an 
AgCl core and 20% bromide in the Ag(Cl,Br) shell. 
The BSE micrograph taken directly from the electron 
microscope screen did not show the halide distribution 
in these core-shell microcrystals, the use of the IPS 
allowed to enhance the compositional contrast sufficient-
ly to show the double structure of the grains. The BSE 
images show darker parts in the middle of the microcrys-
tals and bright parts in the shell (higher average atomic 
number). BSE images further illustrate that the bright-
ness of the shell of the microcrystals increases with 
increasing bromide concentration. Although according 
to the preparation of the microcrystals an homogeneous 
Ag(Cl,Br) shell should have been obtained, BSE image 
analysis points out that the heterogeneity of the bromide 
distribution increases with increasing bromide concentra-
tion in the shell; even at low bromide concentration not 
all Ag(Cl,Br) microcrystals have a homogeneous bro-
mide distribution in their shell. 
X-ray mapping was also applied to study the dis-
tributions of halides (Cl, Br and I) and other elements in 
various types silver halide microcrystals. For the micro-
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crystals of multi-halide composition or indefinite thick-
ness, TE image and BSE image cannot show the compo-
sitional outline, however, in spite of its poor resolution 
compared to TE and BSE images, X-ray mapping can do 
it under some conditions. Fig. 9 was acquired from a 
single tabular microcrystal for three elements and for the 
background (X-ray continuum radiation in a selected re-
gion). Image processing of elemental images was car-
ried out to subtract the background and get maps of the 
ratio of two elements. The cubic microcrystals with epi-
taxial or conversion growths were studied in this way. 
For some cubic microcrystals and the cubic microcrys-
tals with epitaxial growths outside their corners, after 
tilting at an angle of 35 °, at least two faces of the cube 
were seen (Fig. 4). The SE and BSE images of the 
cubic microcrystal then display a distorted shape, the X-
ray map also shows non-uniform brightness in the mid-
dle and at the side of the crystal, but we can still get an 
outline of the distributions of four elements including 
Br, Cl and Ag. 
The halide distributions of the samples were con-
firmed by X-ray spot analysis. By finding a correlation 
between X-ray intensity and bromide concentration, X-
ray analysis in the spot mode yielded semiquantitative 
results. The results of X-ray spot analysis of the 
Ag(Cl,Br) cubic microcrystals in Figures 7 and 8 are 
shown in Table 1. For the Ag(Cl,Br) cubic microcrys-
tals with epitaxial growth inside the corners of the crys-
tals, the Br/ Ag concentration ratios are about 0. 20 in the 
corner sections, 0.007 in the center and about 0.01 in 
the sides, this confirms the BSE analysis in Fig. 7 where 
the corners of the microcrystal (bright parts) were said 
to have high bromide contents. For the AgCl core-
Ag(Cl ,Br) shell microcrystals, the Br/ Ag concentration 
ratio measured in the middle of the microcrystals is 
0.16, this means that the penetration of the electron 
beam through the shell with 0.21 Br/Ag concentration 
ratio into the pure Ag Cl center, made the observed ratio 
of the middle lower than that of the shell. The bromide 
concentrations at the corners are a little higher than 
these at the sides. Three to four crystals of every sam-
ple are studied. The statistical results of these analyses 
have been summarized but cannot be discussed here. 
The X-ray spot analysis confirms the element non-specif-
ic information of the backscattered electron images and 
provides quantitative results on a relative scale. 
Conclusions 
Elemental distributions and contents of tabular 
and cubic silver halide microcrystals were determined by 
BSE imaging, STE imaging, X-ray mapping and X-ray 
analysis in the spot mode. The acquisition of backscat-
tered electrons was improved by selection of the image 
processing system parameters. The mean atomic number 
contrast of processed BSE images corresponds with the 
elemental outline in some samples. X-ray maps also 
provided some indications of elemental distributions. X-
ray analysis in the spot mode yielded semiquantitative 
results. The analytical results illustrate that various 
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Figure 9. X-ray map of a tabular Ag(Br,I) microcrystal 
with AgCI epitaxial growths in the corners. Upper left: 
BrLa; upper right: C!Ka; lower left: AgLa; lower right: 
background (4.65 to 4.95 keV). Crystal size = 2 µm. 
epitaxial or conversion growths do or do not happen at 
different positions in different types of microcrystals. 
This work indicates that the combination of the 
different analytical methods referred to above can be 
used to determine with good confidence the elemental 
distribution in silver halide microcrystals, particularly in 
the analysis of the cubic microcrystals whose shape and 
variable transparency after tilting make them difficult to 
analyze. The analyses also provide valuable information 
on the choice of the preparation conditions for silver 
halide microcrystals. 
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Discussion with Reviewers 
J .D. Brown: How were the measured intensities con-
verted to concentrations? Was a thin film or bulk 
calculation used? 
Authors: Neither thin film nor bulk model was used. 
The quantification was based on the use of standards, 
i.e., microcrystals with known concentration. The 
measured intensities were converted into concentration 
after finding the correlation between the X-ray intensity 
ratios and the known concentration ratios. Homogene-
ous Ag(Cl,Br) samples with different bromide concentra-
tion (2 % , 5 % , 10 % , 20 % ) were prepared as standard 
samples. For a specimen of given concentration, three 
microcrystals were selected. Eight different areas in 
each microcrystal were measured. A total of 24 meas-
urements were carried out for every concentration. The 
results show satisfactory precision (relative standard 
deviation less than 20%). The counts were used in es-
tablishing the relationship between X-ray counts ratios 
and concentration ratios. A linear relationship was 
found. 
J.D. Brown: In the Monte Carlo plots no backscattered 
electrons are seen in the trajectory and only one or two 
can be inferred in the X-ray generation plots even 
though the formulae for backscatter factor would suggest 
a few percent of electrons are backscattered. Can you 
comment on this discrepancy? 
Authors: For beam broadening, we are more interested 
in obtaining a direct visual representation of the inter-
action in the silver halides, so a limited number of tra-
jectories is more suitable to observe the primary electron 
beam broadening and therefore only 100 trajectories 
were selected. When statistically valid results are 
needed, a large number of trajectories would have to be 
calculated. According to the calculation with 1000 tra-
jectories and at 80 keV incident energy, for 0.1 µm 
thickness Ag Br or Ag Cl, the BSE yield is less than l % ; 
for 0.5 µm thickness AgBr or AgCI, the BSE yield is 
2 % . So the backscatter factor can be obtained from the 
calculation of a large number of trajectories, but hardly 
from 100 trajectories, as in Figures la and 2a. 
R.H. Packwood: Please comment on the difference be-
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tween epitaxial and conversion growth as it relates to 
silver halides. 
Authors: These terms refer to two types of silver halide 
microcrystal growth. Epitaxial growth is obtained by 
adding silver ions and various halide ions on the original 
silver halide to form a new phase. Conversion is obtain-
ed by adding halide ions, which can replace the halide in 
the original microcrystals; a new silver halide phase of 
low solubility is formed. 
K. Murata: If the thickness of the samples in Table 1 
is, say 0.5 µm, electrons with oblique incidence can ex-
cite the corner where the Br/ Ag concentration ratio is 
0.239 as can be speculated from Fig. 2. But you have a 
concentration ratio of only 0.007 at position 1 in sample 
1. Is the above effect so small or does bromide 
concentrate at the very surface layer? 
Authors: The electron beam broadening can excite the 
corner at the bottom, so the selection of the analysis spot 
and the crystal orientation must take that factor into ac-
count. Fig. 4 shows two crystal orientations. In order 
to obtain statistically meaningful results, many micro-
crystals were measured in these two orientations; some 
measurements show, indeed, high Br in the center. Due 
to space limitation, it cannot be discussed here. If the 
center of the cube is of interest, another orientation 
(Fig. 4a) would show less influence from the corners at 
the bottom. Moreover, as shown in Fig. 7, the epitaxial 
growth of that microcrystal did not occur at every cor-
ner. It is, in fact, very difficult to prepare microcrystals 
with epitaxial growth at all corners. 
K. Murata: Is it possible to do quantitative analysis 
with the signal of backscattered electrons, knowing ele-
ments composing a sample? 
Authors: The backscattered electron signal not only de-
pends on the composition of the crystal, but also on its 
thickness. Since the latter parameter is not constant, it 
will be difficult to quantify the BSE images, even for a 
binary system (2 halides). For more complicated cases 
(e.g., 3 halides) it is practically impossible. However, 
the BSE images are very useful to indicate the different 
phases within a crystal, which should be analyzed by X-
ray microanalysis (element-specific information). 
K. Murata: If you calculate the X-ray excitation vol-
ume with Monte Carlo simulation, including the bounda-
ry condition, you will be able to perform more accurate 
quantitative analysis, I suppose. Could you comment on 
this proposal? 
Authors: We completely agree with you. The program 
of Monte Carlo simulation of X-ray generation was im-
proved several times by Prof. Joy. If the boundary con-
dition and the oblique incidence had been included, the 
program would have been more satisfactory. 
